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ISOLATION OF THYMOSIN al FROM THYMOSIN FRACTION 5 
BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Thomas F. Gabr ie l ,  Johannes Meienhofer and Joseph Michalewsky 
Chemical Research Department, Hoffmann-La Roche Inc.  

Nutley, New Jersey 07110 

ABSTRACT 

An HPLC system f o r  q u i c k l y  i s o l a t i n g  i n d i v i d u a l  peptides from 
thymus e x t r a c t  i s  described. 
fo l lowed by ion-exchange HPLC produces pure peptides w i t h  minimal 
chromatographic time. 
c a r r i e d  through t o  the  i s o l a t i o n  o f  4 mg o f  pure thymosin a1 w i t h i n  
6-8 hours o f  chromatography . 

A se r ies  o f  reversed phase separations 

A 2.4 gram column load o f  crude e x t r a c t  was 

INTRODUCTION 

The p u r i f i c a t i o n  of pept ides on a p repara t ive  scale by h igh  

performance l i q u i d  chromatography (HPLC) has been the sub jec t  o f  many 

papers (1) and ( 2 ) .  

few mi l l ig rams o f  mater ia l .  

p u r i f y i n g  syn the t i c  pept ides on a 10 mg t o  2 g scale by reversed 

phase HPLC on a rou t i ne  basis (3). 

However, most p repara t ive  runs invo lve  on ly  a 

For t h e  pas t  two years, we have been 

The commercial a v a i l a b i l i t y  o f  l a r g e r  columns permi t ted  i n -  

creases i n  column loads t o  more than 2 grams, even f o r  complex 

mixtures.  

v idua l  components from the  complex mix tu re  o f  pept ides present i n  

c a l f  thymus e x t r a c t  (Frac t ion  5)  prepared according t o  the  procedure 

o f  Goldstein e t  a1 . (4). 

We have app l ied  the  technique t o  the  i s o l a t i o n  o f  i n d i -  

Copyright 0 1983 by Marcel Dekker, Inc. 
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648 GABRIEL, MEIENHOFER, AND MICHALEWSKY 

THYMOSIN o i l  

0 
II 

CH3C 
\ 

H’ 

FIGURE 1. 
3,108 daltons,  as reported by Goldstein ( 4 ) .  

The s t ructure  of Thymosin al, molecular weight 

The speed and high resolution o f  HPLC, used in conjunction with 

volat i le  pyridine-acetic acid buffer systems, are  advantageous in the 
isolation o f  naturally occuring peptides. 

versed phase techniques with high performance i o n  exchange technol- 

ogy leads to  a system of very h i g h  resolution. 

s ize ,  followed by separation based on l ipophi l ic i ty  a t  2 different  

pH se t t ings ,  and a f inal  ion exchange step a t  neutral p H  produces 

individual isolated target  peptides quickly. The application of 

t h i s  procedure to  the isolat ion of homogeneous thymosin aI (Fig. 1 )  

from thymosin fraction 5 i s  described herein. 

The combination of re- 

In i t i a l  separation by 
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MATERIALS AND METHODS 

649 

The thymus extract  was prepared according to  the procedure of 

Goldstein e t  a l .  (4)  and stored as  a frozen solution in 0.1M 

ammonium bicarbonate, pH 7.  A peptide content of 68 mg/mL was 

determined w i t h  the Bio-Rad Protein Assay ( 5 ) .  

A Laboratory Data Control gradient elution HPLC system was used 

in th i s  work. Columns were purchased from the manufacturers: Waters 

Associates Inc. ( p  Bondapak C18, C18 Sep-Pak), Whatman Inc. (Pa r t i s i l  

SAX, ODS-2), and E.S. Industries (C-8). Peptides were detected by 

automatically removing a 25 pL al iquot  of the column eff luent ,  re- 

acting i t  w i t h  - o-phthalaldehyde (OPA) in pH 10.5 borate buffer, and 

monitoring the fluorescent product with a Varian Fluorochrome mon- 

i t o r  (6) .  A1 ternatively,  peptides were detected by monitoring the 

206 nm absorbtion of the column eff luent  with a Laboratory Data Control 

Spectromonitor 111. 

All solvents were of Burdick and Jackson Dist i l led in Glass 

grade; water was purified via a Hydro Service system. Chromatog- 

raphy was carried out a t  ambient temperature, generally 19-22OC. 

Amino acid analyses were carried out on samples digested with 
0 6N HC1-propionic acid a t  150 C f o r  15 minutes ( 7 )  and analyzed on 

a Dionex D-300 Amino Acid Analyzer. 

Direct Isolation of Thymosin a ,  Peptide from Thymosin Fraction 5: 
A solution of thymosin fraction 5 in 0.1 M NH4HC03, pH n, 7.5, 

containing 68 mg peptide per mL was f i l t e r ed  through a 0 . 8 ~  Milli- 

pore-membrane. Thirty-five mL of f i l t r a t e ,  corresponding t o  2.38 g 
of peptides were pumped onto a 3/4" x 12" column of lop C-8 packing 

(E.S. Industries) a t  1 mL/minute. The column was then eluted with 

8% pyridine-3% acet ic  acid in water a t  3 mL/minute. Fractions were 

collected a t  1 minute intervals ,  with a 25 pL aliquot being removed 
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650 GABRIEL, MEIENHOFER, AND MICHALEWSKY 

f o r  OPA der ivat izat ion every time the f r ac t ion  col lector  indexed. 

The fluorometer output was recorded. 

The f r ac t ions  t h a t  contained thymosin a1 were delineated by 

inject ing 50 pL a l iquots  of each fract ion onto a cal ibrated 
0.46 x 30 cm E.S. Industries 1 0 ~  C-8 column and e lu t ing  w i t h  8% 

pyridine-2.6% ace t i c  acid i n  water a t  2 mL/minute.  

a lso monitored by OPA der ivat izat ion.  

been eluted,  the large column was "stripped" w i t h  a l i nea r  gradient 

from s t a r t i n g  buffer t o  90% of 1 : 1 acetoni tri 1 e-isopropanol contain- 

i n g  8% pyridine-2.6% a c e t i c  acid over 60 minutes. 

f ract ions w i t h  s imilar  composition, and then lyophilized. 

of 96 mg of material containing thymosin a1 i n  4 pools was obtained. 

T h i s  column was 

After a l l  the thymosin al had 

Pools were made of 

A t o t a l  

Twenty milligrams of the r i ches t  pool was chromatographed on 

a Whatman ODs-2 column, 0.96 x 50 cm with a l i n e a r  gradient of 

10-50% CH3CN i n  0.022% t r i f luo roace t i c  (TFA) acid over 80 minutes 
a t  3 m L / m i n ;  monitored a t  206 nm ( F i g .  2 ) .  

were col lected.  Aliquots of the major peak were injected onto an 

analyt ical  column, u Bondapak C18, e luted w i t h  18% CH3CN i n  0.022% 

TFA. 

vacuo a t  40°C t o  remove CH3CN and lyophilized. 
material obtained were chromatographed on a Whatman P a r t i s i l  SAX 

column, 0.9 x 50 cm; u s i n g  a l i nea r  gradient of 0.045 t o  0.075 M 

KH PO , pH 6.5, over 60 min .  a t  3 m L / m i n . ,  w i t h  the 206 nm absorp- 

t ion b e i n g  monitored (Fig. 3 ) .  
col lected.  Again, a l iquo t s  of major peaks were monitored by 
analyt ical  HPLC. 

Those f r ac t ions  consis t ing of homogeneous al were desalted on a 

One minute f r ac t ions  

Those f r ac t ions  richest i n  al were pooled, concentrated i n  

The 11.2 mg of 

2 4  
One minute f r ac t ions  were 

C18 Sep-Pak ca r t r idge  (Waters Associates) , and lyophil ized t o  pro- 

duce 2.2 mg of thymosin al. The product was homogeneous by analy- 
t i c a l  HPLC. 

2 .7  ( 3 ) ,  Glu 6 (61, Ala 3.0 ( 3 ) ,  Val 2.2 ( 3 ) ,  I l e  1.1 ( 1 ) ,  Leu 1.1 
Amino acid analysis :  Asp 4.2 (4 ) ,  T h r  2.7 ( 3 ) ,  Ser 
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(D 0 ru 
i 

TIME IN MINUTES 

FIGURE 2. 
Partisil ODs-2 column, 0.9 x 50 cm, in acetonitrile-0.022% trifluoro- 
acetic acid, 10% to 50% over 80 minutes at 3 mL/min. as indicated by 
X-X-X. Solid line is the 206 nanometer absorbtion. 

Chromatography of thymosin a1 region fraction pools on 

( l ) ,  Lys 4.2 (4). 
resistance of the Val -Val bond to hydrolytic cleavage. 

The low value for valine is due to the known 

The 2.2 mg of product represents only a fraction of the thymosin 

al content of the starting thymosin fraction 5. 
distributed among several adjacent pools, possibly due to its ten- 
dency to aggregate. 
taining pools produced an additional 2 mg of product. 

The al tends t o  be 

Re-chromatography of other thymosin a1 con- 

On a real time basis, about 6-8 hours were required for the 
separation, exclusive o f  the time required for lyophilization. 
represents a saving in time and effort over the conventional 
chromatography which requires 2 cellulose ion exchange steps and 
2 Sephadex G-10 desalting steps, consuming about 5 days. 

This 
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FIGURE 3. 
Figure 2 on a P a r t i s i l  SAX column, 0.9 x 50 cm, i n  l i n e a r  g rad ien t  o f  
0.045 t o  0.075 M potassium phosphate pH 6.5, over 60 min. a t  3mL/min.; 
206 nanometer absorbt ion i s  shown. 

Ion  exchange chromatography o f  thymosin al peak pool from 

The use of t he  C18 Sep-Pak ca r t r i dges  f o r  t he  desa l t i ng  o f  the 

i on  exchange column e lua te  represents a subs tan t ia l  saving i n  

i t s e l f .  I nd i v idua l  f r a c t i o n s  were pushed through a washed ca r t r i dge  

(50% CH3CN i n  0.022% TFA 5mL, 0.022% TFA 5 mL) w i t h  a syr inge. 

A f t e r  a l l  t h e  f r a c t i o n s  t o  be pooled had been loaded, the  s a l t  was 

r insed o u t  w i t h  5 mL H20, and the  pept ide  removed by 3 successive 

washings w i t h  50% CH3CN i n  H20 (3 mL, 2 mL, 1 mL). 

the  l a s t  wash showed o n l y  a t race  o f  peptide. 

i n  vacuo t o  remove t h e  CH3CN, the wash was l yoph i l i zed .  

process requ i res  on ly  an hour o r  two. 

HPLC ana lys is  o f  

A f t e r  concentrat ion 

The e n t i r e  -- 
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ISOLATION OF THYMOSIN 653 

TABLE 1 
Amino Acid Peptides from Thymosin Fraction 5 

R-2 R -3 R-4 R-5 a1 
ASP 6.6 2.6 3 .9  5.5 4 
Thr 4.1 1.6 2 .o 3.0 3 
Ser 4.1 2.4 2.5 3 . 2  3 
G1 u 1 . 9  4.7 5.9 7.0 6 

1.5 Pro - 
GlY --- 1.3 1.1 1 . 3  - 
A1 a 3.6 1.6 3.4  .8 3 
Val 3 . 0  2.7 1.9 2.4 3 
Ile 1 .o .9 1 .o 1 .o 1 
Leu 1 .o 1 .l 1 .o 1 .o 7 

. 8  TYr 
LYS 6 3 3 .8  3.7 4 

--- --- --- 

--- - 

Other peptides were isolated during the course o f  this separa- 
tion, including several normally present as contaminants in 
thymosin al isolated by open column methods. Table I shows the 

amino acid composition of 4 such contaminants which were found to 
co-elute with thymosin al. 
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